International Renewable Energy Congress (IREC), 2015 pages: 1-6, DOI: 10.1109/IREC.2015.7110875. In the current paper, a novel control method based on type-2 fuzzy systems is used to improve the power quality. The control algorithm is presented and a set of simulations is carried out in order to prove the good performances of the proposed solution. We also compared the proposed method with the work presented in the IREC 2015.
lower switching losses, lower voltage distortion and eliminate the use of transformers [7] [8] [9] .
To improve the performance of DSTATCOM and depending on the controlled power system parameter, various control strategies have been proposed for DSTATCOM control, such as: direct/indirect current control algorithm, instantaneous reactive power control, symmetrical component method, and double loop control strategy. These control strategies use different types of controllers, such as: PI, fuzzy, neural and hybrid controllers [10] [11] [12] . In recent years, investigation of fuzzy theory application in power system control grows rapidly [13] [14] [15] [16] . The fuzzy logic controllers have many advantages compared with conventional controllers such as: no need to accurate mathematical model, irregularities in system parameters and it is easy to be implemented.
Recently, a large volume of literature have been used Fuzzy Logic Controllers (FLC) in the control of D-STATCOM. In [17] , Srinivas proposed fuzzy, PI and hybrid fuzzy-PI controllers for STATCOM, to utilize the advantages of both fuzzy and PI controllers. The control algorithm was based on the doubleloop control strategy; the desired (reference) reactive current produced by fuzzy controller, while the DC link voltage was controlled by PI controller.
In [18] , investigated and implemented the Fuzzy-PI control of DSTATCOM based on the double-loop control strategy. A fuzzy adjuster was added to tune the parameters of the PI controllers. In [19] , a fuzzy logic based supervisory method is proposed to improve transient performance of the dc link. The fuzzy logic based supervisor varies the proportional and integral gains of the PI controller during the transient period immediately after a load change. In [20] , a fuzzy logic STATCOM controller design with generator speed deviation and acceleration as the input. The fuzzy controller was evaluated by comparing its performance with the classical PI control. All fuzzy logic systems presented in literature for the control of D-STATCOM focus on the conventional Type-1 FLSs. However, this type has disadvantage in terms of dynamic uncertainties present at inputs, a novel concept which is called type-2 fuzzy system has been studied to improve the uncertainty handling ability. The concept of type 2 fuzzy sets was proposed by Zadeh in 1975 to overcome the limitation of Type-1 fuzzy sets to model and minimize the effect of uncertainties. Recently, studies on the Type-2 fuzzy logic systems have obtained growing attention from researchers due their ability to handle uncertainty and he have shown that it provide good solutions due to having more degrees of freedom in design aspects [21] [22] [23] [24] .
In this work, Type-1 and Type-2 fuzzy logic controllers are proposed for the control of DSTATCOM, with the aim of compensates reactive power and corrects the power factors. The power circuit of DSTATCOM contains five-level NPC inverter; gate pulses for this inverter are generated with SVM technique. The aim of the work is shows to implement DSTATCOM with control strategies in the MATLAB, Simulink using Simpower® toolbox and to verify the results; various case studies applying different loads.
DSTATCOM
The DSTATCOM is a voltage source converter based power electronic device which is connected in parallel with the distribution system, capable of generating and /or absorbing reactive power. It provides an effective solution for reactive power compensation, power factor correction and voltage regulation. The major components of a DSTATCOM are shown in Figure 1 , it consists of five level voltage source converter (VSC), DC capacitor supplying the DC voltage for inverter, a filter and controller. If the output voltage of the VSC and the source voltage are equal, no reactive power delivered to the system. When the output voltage of VSC is greater than the source voltage, the DSTATCOM supplies reactive power to the grid, the DSTATCOM is in capacitive mode of operation. If the source voltage is grater than the output voltage of VSC, the DSTATCOM absorbs reactive power from the grid, the DSTATCOM is in inductive mode. The problem with two level converters based DSTATCOM is the injecting unwanted harmonics in the power grid and is limited to operate at high frequencies due to switching losses, multilevel converters have the ability to resolve this issue. 
Space Vector Modulation (SVM) for Five Level Inverter
The performance of inverter is mainly depends on the switching operation. In this paper switching for the five level inverter of DSTATCOM are generated by Space Vector Modulation (SVM). SVM method has more advantages comparing to PWM technique [25] . Because it minimize harmonics, minimize switching losses and balances dc-capacitor voltages without the need of supplementary devices or additional controllers [26] . 
Where j is a complex number; equation (1) 
Determination of region and sector
The triangular region within each sector is inferred using the equations of its three sides. For example, the sides of the region r=1 within the area S=1, have the following equations:
The vector V * is situated in the region r=1 of sector s=1 when the two components v d * and v q * satisfy the following inequalities (similarly we deduce the equations for other regions):
Calculating the switching times T x , T y , T z
The switching times Tx, Ty, Tz for any sector is given in Table I . For all regions: Tz=Ts-Tx-Ty
Finding the switching states
Because of the redundant voltage vectors of each state, there are several options to determine the switching sequence. Switching sequence can be arranged according to certain optimal objective, for example, minimize losses in the inverter and reduce harmonics of the output voltage [28] . In this paper, in order to achieve low THD and to reduce harmonics of the output voltage a sequence of states is selected which is to:
-apply the three states in a given order during the half period, then in the reverse order for the remainder of the period; -divide the appropriate time to each state on any redundancies; -use the same state at the -beginning and the end of the sampling period.
DSTATCOM Control
The control of DSTATCOM is schematically depicted in Figure 7 . For the proposed control strategy of this paper, real and reactive power exchange between the DSTATCOM and the AC system are controlled by regulating the two current components i d and i q . In the control circuit two regulators are found; one is the current regulators and the other is the DC voltage regulator. Both regulators are of Type-1 or Type-2 fuzzy logic controller. Switching pulses for the five levels inverter are generated by SVM technique which is gives a good response. For the control of DC voltage of the DSTATCOM a fuzzy logic controller generates the reference signal of the d-axis current i d * .
The main objective of this control algorithm is reactive power compensation and power factor correction, therefore i q * is only the imaginary [29] . The outputs of the current regulator v d * and v q * are the reference voltages necessary for the SVM block. To enhance the transient stability AC power system, Type-1 and Type-2 fuzzy logic controllers are adopted for the control of the DSTATCOM, in this work The performance of the DSTATCOM is studied for power compensation and power factor correction through the regulation of currents components using type-1 and type-2 fuzzy logic controllers.
Type-1 Fuzzy Logic Controller
Fuzzy logic controllers are widely used in controlling disturbances in power systems. The advantages of FLCs over conventional controllers are that not sensitive to system topology, does not require the knowledge of the mathematical model of the system and they can work with imprecise inputs [30] [31] . Type-1 FLC is shown in Figure 4 . The fuzzy logic controller is composed of four stages which are: fuzzification, rules of fuzzy control, the inference and the defuzzification [32] . The fuzzy controller of Figure 4 is introduced like a system at two inputs and an output. The control input variables for the proposed type-1 FLC are chosen as error e (i ) and variation of the error Δ e ( i ) :
Membership functions representing input and output variables are given by Figure 5 . In our case we considered the case of seven sets represented by functions of memberships in triangular form: NB (Negative big), NM (Negative Medium), NS (Negative small), ZR (Zero), PS (Positive Small), PM (Positive medium), and PB (Positive big).
The fuzzy control rule is illustrated in the Table  2 . There are total 49 rules used for achieving the desired performance of system. The method of inference selected is Mamdani method considering which it is easy to establish. In the defuzzification process where the output of the fuzzy sets is transferred into identifiable value, the centre of gravity method is used, the output of the FLC is then written as: [33] X R
Type-2 Fuzzy Logic Controller:
In recent years type-2 FLCs have become increasingly popular due to their ability to cope with uncertainties. The type-2 FLC uses type-2 fuzzy sets to represent the inputs and/or outputs of the controller; the concept of these type-2 fuzzy sets was introduced by Zadeh as an extension of the concept of type-1 fuzzy sets [34] . In this paper, interval type-2 FLS is employed, the Figure 8 show the structure of interval type-2 fuzzy systems (IT2FS).The variables indexed norm are the normalized variables, the gains at the controller are to be determined by adjusting in order to have the desired response.
Fuzzification:
In 
Rule base:
The fuzzy rules of interval type-2 fuzzy system are still remained the same as in type-1 fuzzy system but the antecedents and the consequents will be represented by interval type-2 fuzzy sets. In the present model 49 rules are developed (Table 3) , and these rules can be written as: 
Inference system:
In this stage the process consists of combining the fuzzy rules and mapping the crisp inputs to the interval type-2 fuzzy output sets. The result of the inference engine is a type-2 fuzzy set. 
Type reduction and Defuzzification:
In the type reduction stage, the interval type-2 fuzzy outputs of the inference engine are mapped to interval type-1 fuzzy set in order to perform the defuzzification. 
After the type reduction process, the type reduced sets are defuzzified to obtain the crisp output. We defuzzify the set obtained from type reducer by using the average of Y l and Y r [37] , so the defuzzified output is:
Simulation Results
In this study, the model of power system, DSTATCOM and controller are developed in MATLAB/Simulink environment and shown in Figure 9 . Type-1 and type-2 fuzzy logic controllers were used for controlling DSTATCOM. The performance of DSTATCOM is studied in a power system. The distribution part of the power system is represented by a Thevenin's equivalent voltage source and short circuit impedance. The operation of the DSTATCOM device in a electric power transmission line will be validated in the two modes of capacitive and inductive compensation.
Initially the DC bus capacitor is charged and the voltage across the latter is 20 kV. At the beginning of the simulation, the grid supplies the load (L1). The second charge (L2) is connected to the grid at time (t = 0.25s), and at time (t = 0.5s) line is loaded by load (L3), and finally at time (t = 0.75s) both load (L1) and (L2) is Logged Out. The simulation diagram, shown in Figure 9 , is used to simulate the DSTATCOM operation for different loads. All the relevant outputs are shown in Figure 10 to Figure 15 . The capacitor voltage is maintained at 20 kV as shown in Figure 10 . Figure 11 shows the dynamics of reactive current exchanged between the DSTATCOM and network, initially the electrical source feeds an inductive load therefore the reactive current is negative and the DSTATCOM operate in inductive mode (DSTATCOM delivers reactive power), when we charge the network by the capacitive load the reactive current becomes positive and the DSTATCOM Operate in capacitive mode (DSTATCOM absorbs reactive power). The active current exchanged between the DSTATCOM and network as shown in Figure  12 . Figure 13 shows the dynamics of active and reactive power of network, the reactive component is always zero, which shows that the DSTATCOM compensate all of the reactive power required by the load and therefore, it achieve unity power factor operation source side, this is evidenced by the Figure 14 which represents the improvement of power factor with DSTATCOM. The active and reactive power injected by DSTATCOM as shown in Figure 15 .
Comparative Analysis of the Results
In the aim to simulate the impact of the measurement uncertainty on the performance of type-1 and type-2 fuzzy logic controllers, a white noise with normal distribution is added to the measurement values of DC voltage, active and reactive currents.
Three widely used performance criteria are used [38] , for comparison between type-1 and type-2 fuzzy logic controllers, these are: integral of square error (ISE), integral of the absolute value of the error (IAE), and integral of the time multiplied by the absolute value of the error (ITAE). The Table. 4 The work carried out demonstrates that:
-The SVM strategy avoids the dc link capacitance voltage imbalance problem; simulation results allow an evaluation of the impact of the multilevel inverter based DSTATCOM. -When noise was applied, as expected the type-2 controllers were usually better than the type-1 controllers, it is the new third dimension of type-2 fuzzy sets and the footprint of uncertainty that provide additional degrees of freedom that make it possible to directly model and handle uncertainties.
Conclusion
In this study, theoretical study with simulation of a T1FL and T2FL controllers for a DSTATCOM based five-level inverter in order to improve the power quality is studied. The performance of the DSTATCOM control using T2FL controllers is compared by simulation with that of a DSTATCOM control using T1FL controllers. The simulation results show that the both controllers achieve good control, but the performance of the IT2FLC is better than T1FLC in the presence of extreme or significant parameter variations or external disturbances, this was confirmed by the results of Table 4 . The SVM method is used to generate the switching signals for the five levels inverter. MATLAB based simulation results have verified the effectiveness of the design methodology. It significantly enhances the power system stability.
